The synthesis of a novel class of potential aspartyl-protease inhibitors is described. Arrays of 1,4,5-trisubstituted 1-(4-piperidyl)-imidazoles have been assembled by parallel synthesis using an isocyanide-based multi component reaction (vL-3CR).
Introduction
Enzymes that hydrolyse proteins and peptides are called proteases. They are critical to all normal and pathological events and are often important targets for therapeutic interventions. Amongst the four classes of proteases (serine/threonine, metallo, aspartyl, cystein) the aspartyl proteases comprise the smallest class of proteases in the human genome. However, prominent medicinally relevant examples of the aspartyl-protease family are renin (cardiovascular diseases), 1 HIV protease (AIDS), 2 β-and γ-secretase (Alzheimer), 3 Candida albicans asp-protease (fungal infection), 4 cathepsin D (cancer) 5 and plasmepsin 1/2 (malaria). 6 Despite the fact that aspproteases are the smallest group of proteases, the largest number of their inhibitors is used therapeutically. Currently 8 asp-protease inhibitors are on the market and several more are under advanced clinical evaluation ( Figure 1 ). Most currently used asp-protease inhibitors comprise the statine motif or a derivative thereof. The secondary hydroxyl group therein comprises a transition state mimic of the cleavable bond of the substrate. Associated with this motif is their often peptoid character enriched with several stereochemical centers. Consequently, current asp-protein inhibitors are complex molecules only accessible via multi-step sequential synthesis. 7 However, peptoid compounds are often disadvantageous due to their potentially limited oral bioavailability and their excessive production costs. e.g. the high production cost of HIV protease inhibitors is one of the reasons for the inaccessibility of these life saving drugs for patients in developing countries. One of us discovered simple 3,4-disubstituted piperidines as renin inhibitors, which could be subsequently structurally characterized binding to renin. 8 An optimized analogue is currently undergoing clinical evaluation. Interestingly, it was found that binding of these substituted piperidine derivatives is accompanied by a major induced-fit adaptation around the enzyme's active site ( Figure 2 ).
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Figure 2. Binding of a Roche piperidine 5 into the active site of renin (pdb id: 1PR8). Grey stick representation of Roche's piperidine renin inhibitor 5 and the renin binding groove as green transparent surface. The piperidine NH binds to the two active site aspartic acids D32 and D215. The hydrogen bonds are indicated with doted lines. The picture was generated using PyMol (www.pymol.com).
These structural changes induced by piperidines provide the basis for a novel paradigm for inhibition of monomeric aspartic proteinases. However these results led only to renin inhibitors in the past. 10 As a continuation of our interest in asp-protease inhibitors we herein present the combinatorial synthesis of a novel class of inhibitors not based on peptidic molecules.
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Results
Based on the investigation of asp-protease inhibitor complexes available we chose the piperidine moiety as an anchor to mimic the water in the active site (Scheme 1). Another requirement for our design was a fast, diverse and efficient access to the potential corresponding asp-inhibitors. Thus, we chose multi component reaction chemistry, which ideally fulfils these requirements. Multi component reactions (MCR) are reactions with more than two starting materials yielding a defined product comprising most of the parts of the educts. An especial proliferate group of MCRs are isocyanide-based MCRs (IMCRs). They presently account for most of the MCR scaffolds described. 
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The investigation of the multiple reactivities of Tosmic (p-toluenesulfonylmethyl isocyanide) led van Leusen to discover his vL-3CR in 1977. 13, 14 Tosmics are α-acidic, undergo α-addition of nucleophiles and electrophiles toward the isocyanide C and are substrates for radical reactions. In recent years the vL-3CR has become quite popular due to its multi component reaction character and the possible large number of products. The 1,4,5-trisubstituted imidazole scaffold obeys nicely the so-called Pfizer rules for improved oral absorption and cell permeability. The scaffold does not contain amide bonds as opposed to backbones formed by some other IMCRs. Several compounds based on this scaffold have entered clinical trials 15 . In depth investigations by Sisko from SmithKline Beecham indicated that the scope of this reaction is much greater than realized before. 16 Many unprotected functional groups in the starting materials are compatible with the reaction conditions, including carboxylic acid, ketone, aldehyde, alcohol, amine, azide and alkyne moieties, and can thus provide valuable functionalized intermediates. Moreover, several subsequent reactions following the vL-3CR have been described giving access to even more diverse products, including triazolo-imidazoles by azide-alkyne cycloaddition 17 , imidazo azepine by enyne metathesis 18 , imidazo-pyridine and -azepine by Heck reaction 19 and other fused imidazoles.
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Moreover, α-substituted Tosmics can be synthesized easily in a large diversity on a multi gram scale. One specific Tosmic derivative for the production of a p38 inhibitor in phase III clinical trails has been described even on a 500 kg scale. 22 Gratifyingly, Tosmic and its derivatives are solids and devoid of the otherwise characteristic isocyanide odor. However, the chemistry of Tosmic is much more broadly usable than for the synthesis of imidazoles alone. Other heterocycles, including pyrroles and oxazoles, are also amenable. 23 The importance of the Tosmic chemistry is emphasized by the commercial availability of several hundred Tosmic derivatives.
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Combinatorial generation of large libraries of vL-3CR imidazoles has been described recently by us and is also used in this project. 25 Briefly, the corresponding starting materials were mixed together in 96 deep well plates (polypropylene) in DMF using 2 eq of K 2 CO 3 as a base. After shaking for 24 h, the solvent was removed in a vacuum centrifuge and the corresponding products were purified by HPLC. According to this general procedure we could synthesize several libraries around different motifs, each containing several thousand compounds. For the synthesis of an imidazole library containing the piperidine anchor we reacted 4-amino piperidine as an amine component. Gratifyingly, the reaction was compatible with a secondary amine and chemoselective reaction at the primary amine was observed. However, for the resynthesis of large quantities of hits from biological screening we found it to be more convenient to use 1-NBoc-4-amino piperidine as starting material for the vL-3CR, to purify the intermediate vLproduct and to remove quantitatively the protecting group using TFA/DCM. For one compound, viz. 7, we were able to obtain diffraction crystals to confirm the two and three dimensional structure (Figure 3) . Representative examples of compounds, both Boc-protected and unprotected products designed to be asp-protease inhibitors and containing the piperidine anchor, are shown in Scheme 3.
In summary, we have designed a novel asp-protease inhibitor scaffold by computational modelling using IMCR. Based on these modelling hypotheses, we synthesized large arrays of 1,3,4-trisubstituted 1-(4-piperidyl)-imidazoles by employing van Leusen's IMCR of α-substituted TOSMICs, aldehydes and 4-aminopiperidine. Thus, we prepared more than 40 new TOSMIC derivatives which served as one type of starting material. 25 This three component reaction is suitable for the rapid synthesis of thousands of imidazoles and several new and exemplary imidazoles are explicitly described. Based on other imidazoles under development, compounds of this scaffold are potentially orally bioavailable. Other advantages are their short and straight forward one-pot synthesis and the lack of any scaffold-intrinsic stereocenter.
Biological screening results of libraries of 1,3,4-trisubstituted 1-(4-piperidyl)-imidazoles and the design process will be reported in due course.
* The crystals of 7 are insufficient for a high quality X-ray structure analysis. One trifluoracetate ion is completely disordered. Several hydrogens could not be located. Therefore the data have not been sent to the CCDC. 
Experimental Section
General Procedures. Proton and carbon nmr spectra were obtained in CDCl 3 or CD 3 OD and determined with a Mercury 400 spectrometer. Chemical shifts are expressed in ppm (δ) with respect to TMS as an internal standard. Electrospray ionisation mass spectra (ESI) were obtained using a MSD (Hewlett-Packards HPLC 1100 driven electrospray MS instrument). Products were purified by preparative chromatography with silica gel and ethylacetate as eluent. The purity was determined utilizing a Hewlett-Packard LC 1100 system using a YMC column, 2 mm x 50 mm, 3 µm ODS-A, detection wave length at 220 and 254 nm; flow: 0,6 ml/min., with a 6 min. gradient from 90 % H 2 O to 10 % H2O (0,5% CH 3 COOH) vs. CH 3 CN. Preparative HPLC was performed on a Labomatic System, using a Grom Sil 120 ODS-4 HE column (10 µM, 100 x 30 mm) with a 45 min. methanol/water gradient (30-100% MeOH) with single wavelength detection at 254 nm, flow 150 ml/min. All products where characterized by nmr and high resolution mass spectroscopy.
General procedure for resynthesis
Aldehyde (1 mmol) and 1 mmol 4-amino-piperidine-1-carboxylic acid tert-butyl ester (200 mg) are solubilized in 5 ml methanol and stirred for 30 min. 1 mmol TosMIC derivative and 1 mmol triethylamine (102 mg, 140 µl) are added and the suspension is refluxed for 4 h and allowed to stir overnight at room temperature. In some cases the product precipitates and can be used in the next step after filtration, otherwise the solvent is evaporated and the product isolated by column chromatography or preparative HPLC. To remove the Boc protection group the imidazole is solubilised in 1ml CH 2 Cl 2 and 1ml TFA are added. The mixture is stirred for 1h at room temperature, evaporated and dried under high vacuum to yield the final deprotected product. 113.0, 116.8, 118.3, 120.0, 123.7, 128.5, 131.1, 149.0, 149.9, 150.1, 151.2.  4-[5-[3-(3,4-Dichloro-phenoxy)-phenyl]-4-(3,4,5-trimethoxy-phenyl)-imidazol-1-yl]-piperidine-1-carboxylic acid tert-butyl ester (12) . A mixture of 0. 
4-{4-Naphthalen-2-yl-5-[3-(3-trifluoromethyl-phenoxy)-phenyl]-imidazol-1-yl}-piperidine (7)
.
